Specific activities and distribution of natural radionuclides gamma emitting from 238 U, 232 Th and 40 K in stream sediment samples were calculated. The samples were collected from different locations from western port of Gulf of Al-Aqaba have been carried out using the high-purity germanium (HPGe) detector. The activity concentrations of most samples are higher than the permissible level for 238 U, 232 Th and 40 K. The radium equivalent (Ra eq ), the external hazard index (H ex ) and effective dose rate were estimated for the radiation hazard of the natural radioactivity. The calculated values are higher than the recommended limit. The harmful radiation effects are posing to the public and tourists going to the area under investigation.
Introduction
The assessment of gamma radiation dose from natural sources is of particular importance, the natural radiation is the largest contributor to the external dose of the world population. These doses vary depending upon the concentrations of the natural radionuclides, 238 U, 232 Th, their daughter products and 40 Kpresent in the soil and rocks, which in turn depend upon the local geology of each region in the world (Ahmed, 1985 ) (El-Shishtawy, 1989 ).
Most of the dose rate of natural radioactivity is due to the effect of primordial radionuclides, although the values take into account the contributions from cosmic radiation and cosmogenic radionuclides.
In fact, only about 15% of the total effective dose equivalent derives from exposure to cosmic radiation, and about 0.6% is attributable to cosmogenic radionuclides. The
In the recent years, studies on high natural background radiation areas in the world have been of prime importance for risk estimation due to long -term low -level whole body radiation exposure to the public. With the increased public concern over radiation safety, the studies on natural background radiation areas provide a good scope for evaluating biological effects caused by low -level radiation exposure on a long -term basis (Abass, 2008) The main target of the present work focuses on the environmental assessment of radioactive potential in the stream sediments (Saleh, 2006) (El-Wahab et al, 2011) . Determination and evaluation of the radionuclides concentration are of great importance for assessment of external and internal radiation dose received by man.
Materials and Methods

Sampling location
The study area is part of south eastern Sinai, Egypt, western coastal zone of Gulf of Aquba. The area of study is drained by Wadi Lethel, Wadi Zewarai (trending NW-SE), Wadi Tarter and Wadi Um Adawi (trending E-W).They are bounded by Gabal El Gofa and Gabal Zewarai representing the basement rocks in the study area Fig. (1) . At the southeastern port of the mapped area (Sharm El‫ـ‬ sheik city).
Miocene sedimentary rocks (carbonate rocks) cover the downstream of the main wadis in close contact of the Gulf of Al-Aqaba are common. Although some geological and geochemical studies have been carried out on the basement rocks (Ahmed, 1985) (Saleh, 2006) . 
Sample and Sampling Preparation
Thirty-three stream sediment samples were collected from different locations from western port of Gulf Al-Aqaba as shown in fig. (1). Each sample was weighted then placed in polyethylene bottle of 150 cm 3 . The bottles were completely sealed for more than month to allow radioactive equilibrium to be reached between 238 U and 232 Th and their corresponding daughters to be measured by gamma spectroscopy. This step was necessary to ensure that radon gas is confined within the volume and the daughters will also remain in the sample (Ahmed, 1985) . The individual samples were placed on the detector manually during the work and each sample was analyzed for a time of 70000 seconds to obtain the gamma spectrum with good statistics. The gamma emitting radionuclides specifically recorded were 238 U, 232 Th, 226 Ra and 40 K.
2-3 Experimental Technique for Hyper Pure Germanium detector (HPGe)
Gamma spectrometry measurements were performed using a high purity coaxial germanium detector (HPGe), (ORTEC 572 A) of sensitive volume of 76.11 cm 3 . The energy resolution of HPGe detector was 1.9 KeV at 1332.5 KeV gamma ray line of
60
Co. The quantitative analysis was achieved by using a maestro H-EG&G card which was interfaced with IBM Pc compatible to work as a multichannel analyzed (MCA). All The gamma measurements were taken after calibrating the MCA with: Co-60, Am-241 and Ra-226 point sources.
The efficiency curve of the HPGe detector in the energy range from 186KeV to 2450KeV was obtained through two stages. In the first stage the relative efficiency curve was obtained for two different stages. First, the relative efficiency curve of the detector was performed using a Ra-226 point source. In the second stage, the average relative curve of the detector was normalized to an absolute efficiency curve for certain geometrical configuration and normalization factor for these geometries (polyethylene bottles) have been determined. For this purpose standard solution of potassium chloride has been used (El-Tahawy. et al, 1992) .
The γ-ray lines used to measure the activities of the studied isotopes are as follows (EML, 1990) (Beretka. and Mathew, 1985) The detector was surrounded by a lead cylindrical shield to eliminate the contribution of naturally occurring background radionuclides in the environment. However, an empty bottle with the same geometry was measured for subtracting the background to have more accurate results.
Radioactivity Counting
The counting time for each sample was nearly 70000 sec. The net area count after background corrections in each photo peak was used in the computation of activity concentration for each of the radionuclides in the samples using the expression (UNSEAR, 2000)
Where the net count rate under each is photo peak due to each radionuclide, is the detector efficiency for the specific γ-ray, is the reference intensity of the gamma line in a radionuclide and is the mass of the sample (Kg). The lowest limits of detection ( ) were obtained from the relation (Matoline., 1991) Where is the estimated standard error of the net background count rate in the spectrum of radionuclide. is the counting efficiency and is the abundance of 
3] Results and Discussion of Hyper Pure Germanium Detector (HPGe)
The concentrations and distribution of radionuclides in a stream sediment sample at west of Gulf Al-Aqaba, Sinai, have been determined using high-resolution gamma spectrometry to evaluate the environmental radioactivity. It clear that, the concentration of studied samples are higher than the permissible levels [50 (Bq/Kg)] for uranium except samples numbers (5 and 6). The concentration of most samples are higher than the permissible levels [50 (Bq/Kg)] for thorium except samples 5, and 6 whereas the concentration of most samples are higher than the permissible levels [500 (Bq/Kg)] (UNSEAR, 2000) for potassium except samples numbers 2, 3, 5, 6, 7, 8, 9, 11, 13, 14, 15 , and 29 respectively as shown in Fig.(1) . In this study, we calculate the radiological parameters such as indices: radium equivalent activity in (Bq/Kg), indoor absorbed gamma dose rate (nGy/h), external hazard index , effective dose rate and radioactivity level index for all stream sediment samples from west of Gulf Al-Aqaba, Sinai. These parameters are showing in (Table 3) . We concluded that all the values of radium equivalent of the samples at West of Gulf Al-Aqaba, Sinai are higher than the recommended maximum value 370 Bq/Kg (UNSEAR, 2000) . Except sample (4, 5, and 6) Also we note that the average values of dose rate for the samples are higher than the international average mean value 59 (UNSEAR, 2000) nGy/h except samples (5 and 6).
The calculated values of the external hazard index are found to be more than unity except sample (4, 5, and 6). The values of the effective dose rate are in the permissible level (1 m Sv/y) (ICRP,1991) except sample ( 1,2,3,8,9,10,11,12,16,17 and 22) as shown in Fig. ( 2) and the value of radioactivity level index (Iγ) is found to be more than unity except samples (5 and 6). 
4.1] Experiment set up for the Radiometric Analysis with the NaI (TI) detector:-
The radiometric measurements achieved with the NaI (TI) -detector were used for quantitative determination of the radioactive elements; U, Th, Ra and K in the collected samples. This was mainly based on detection of the gamma-ray in four energy regions of interest (ROI ' 's) representing daughters respectively. Each sample is crushed to about 1 mm mesh grain size and mixed well to avoid the non-homogenous distribution of minerals. Then a proper weight (300-350 gm) of the crushed sample is placed in plastic container, sealed well and left for at least 30 days to accumulate free radon and to attain radioactive equilibrium. The relation between the percentage of Rn -222 accumulation and time increases till reaching the steady state after about 30 days (Matoline., 1991) .
The instrument is energy calibrated using two gammas ray emitting sources (Co-57 and Cs-137) and then its sensitivity is calibrated using four artificial standard sources (NMA-U, IAEA-Ra, IAEA-Th and IAEA-K) (Cachran., 1992) .
The concentrations of natural radioelement; potassium, uranium and thorium in the investigated area were used for calculating the specific activity, exposure rate and equivalent dose rate.
The conversion factor recommended by (IAEA, 1989 ) is given in (Table 4) . . . The total exposure in (µR/h) and the dose rate in (nG/h) are given by (NEA, 1991) (UNSCEAR, 1993).
E=0.653×eU+0.287×eTh+1.505×K% =Exposure rate ×8.69 (nGy/h)
Effective dose is a sum of multiplies of equivalent doses affect on human organs concerning weighting factors. Effective dose is expressed in msv and usually reported annually (per year: y = 8760 h)
Where 0.7 X 10 -6 is the conversion coefficient (Sv/Gy) for human organs (UNSEAR, 2000) . . 2 . 0 1000000
4.2] Results and Discussion of NaI (TI) Spectroscopy
The results of radiometric analysis of 33 stream sediment samples at west of Gulf AlAqaba, Sinai, Egypt are given in Table (5) , show eU, eTh and Ra with (ppm) also%.
The calculated specific activity for the K, U and Th measurements at west of Gulf AlAqaba, Sinai, Egypt in Table (5) where the lowest value of K-specific activity is ULD while the highest value is 2147.18 Bq/ Kg with the average 578.96, referring to the low content of potassium which can be neglected because its low effective energy as well as potassium have only one radioactive isotope " 40 k" represent > 0.012% of the natural potassium.
On the other hand, the average value of U-specific activity is 1444.95 Bq/ Kg while the average value of Th-specific activity is 323.08 Bq/ Kg. The U and Th specific activities calculations higher than the permissible limits (50, 50, and 500) (UNSCEAR. 1993) except samples No. 4, 5, 6, and 27 for U specific activity. Samples No. 4, 5, 6, 13, 16, 19, and 25 for Th specific activity. Samples No. 1, 2, 3, 5, 6, 8, 9, 11, 12, 14, 17, 27, 29 and 30 for K specific activity. The comparison between the calculated specific activities of west of Gulf Al-Aqaba, Sinai, Egypt and the international permissible limits for U, Th and K respectively. The calculated exposure rate, dose rate and effective dose for the K, U and Th measurements in west of Gulf Al-Aqaba, Sinai, Egypt in Table (6) .
The average calculated value of the effective dose rate in west of Gulf Al-Aqaba, Sinai (1.09 mSv/y)) is higher than the permissible limit "1 mSv/y" that recommended by the International Commission Radiological Protection (ICRP, 1991) as the maximum annual dose to the public members.
The comparison between the calculated effective dose rate and the International permissible limit is shown in (Fig. 3 ).
From these results we find that west of Gulf Al-Aqaba, Sinai, Egypt is considered not safe region from the environmental and radioactive pollution. Also we note that the average values of dose rate for the samples are higher than the international average mean value 59 nGy/h. The calculated value of effective dose rate in the present study is higher than the permissible level (1mSvy -1 ). On the basis of higher levels of natural radioactivity and gamma-absorbed dose rates in this area, stream sediments at Gulf of Al-Aqab, Sinai can be considered as a high natural background radiation area. The hazard index for the critical area seems to be extremely high and is not safe. Also radiometric measurements achieved with the NaI(TI) detector were used. The estimated effective dose rate is higher the permissible level. The results show that the gamma spectroscopic and the radiometric techniques confirm each other.
It is concluded that harmful radiation effects are pose to the public and tourists going to this area as a result of the activity of stream sediments.
